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® Coaled reinforcing material. 

® This invention pertains to a substrate tiavlng ttioroon a conting of a metathesis catalyst and/or cocatalyst. to 
a method for applying such a coaling to the substrato, and to a process for producing a molded product by 
placing into a mold a substrate having thereon a coaling of the metathesis catalyst and/or cecalalyst, Introduclhg 
Into the mold at least one norbomeno-typo monomor. polymerizing the monomer In presence of the melatheais 
catalyst system, and oxtrocting tho moidod article from the moid wherein the monomer(8) is polymorlzorl to n 
Ihermoset or crosslinl<ed polymer. 
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COATED REINFORCING MATERIAL 



Background of Invention 



The prior art polymerization of a norbornene-type monomer in the presence of a metathesis catalyst 
system is characterized by ring opening of the monomer and formation of a polymer that can have pendant 
unsaturation in the cyclic structure. Physical properties can be further enhanced by using a catalyst 
component which further cleaves another cyclic structure in the polymer. 

The prior art polymerizations are generally carried out in bulk In substantial absence of a solvent for the 
norbornene-type monomer or a mixture thereof. Such a process Is referred to as reaction Injection molding 
or RIM and results in a thermoset polymer which is polymerized In a mold and extracted therefrom in a 
short period of time such as one quarter of an hour, preferably less than one minute, depending on the size 
of the article extracted from the mold. Such a method Is characterized by combining a plurality of reactant 
streams, one containing the catalyst of the metathesis catalyst system and a second containing the 
cocatalyst, and at least one stream containing a norbornene-type monomer or a mixture thereof; and then 
injecting the mixed streams into a mold where polymerization results in a tough, rigid thermoset polymer 
with high flexural modulus and excellent impact strength. 

Reinforcing agents or fillers have been used in the past in making reinforced polynorbornene products. 
These are materials which can increase the polymer's flexural modulus with only a small sacrifice in impact 
resistance Possible reinforcing agents and fillers include glass fibers, wollastonlte, mica, carbon black, talc 
and calcium carbonate. The amount of such agents can vary up to 75%, based on the weight of' the final 
product, preferably 1 to 40% by weight. The addition of reinforcing agents and Is also known to decrease 
shrinkage of the molded product. 

There are differences between particulate fillers and reinforcing agents. Examples of fillers are calcium 
carbonate, talc, clays, carbon black, and the like whereas examples of reinforcing agents are minerals such 
as wollastonlte and fibers such as aramld, graphite, polyethylene, vegetable, glass, and the like, especially 
glass. Fillers are normally used as bulking agents to reduce cost of the final product whereas reinforcing 
agents are used wilh the primary objective to Improve physical properties of the final product, it Is Intended 
here to cover both. Product cost can also be reduced by using fillors and/or relnlorcing ogoiUs In tho final 
product. For purposes herein, the term "substrate" denotes both reinforcing agents and flllore. 

In conducting the RIM polymerization discussed herein, the catalyst and cocatalyst are kept In eepmat© 
tanks to prevent initiation of polymerlsiatlon. Polymerization commences violently when ostaly§t and 
cocatalyst are brought together. By using modlllors with cocatalysta. a leas violent polymeHxftlloh ftl « mt?re 
uniform rate can be carried out. Such modifiers Include ethers, esters, ketones and nllrllee. 

There Is another way to altenualo or lesson tho action of Iho molollioffiB cocntnlyet In order to pmy out 
the polymerization. By Introducing an atkoxy or aryloxy group Into tlie alkyi aluminum halide cocatalyst, It Is 
thus possible to diminish or roduco tho roducing powor Ihoroof thnl cpntrgllt^d polymeHsfltlon can be 
conducted. 



Summary of Invention 



This invention pertains to a substrate having a metathesis catalyst component(s) on Its surface and to a 
process for making a reinforced polynorbornene product by introducing a substrate Into a mold, the 
substrate material having thereon a metathesis catalyst component(s), Introducing a monomer mixture into 
the mold, the monomer mixture containing at least one norbornene-type monomer, and If necessary, 
introducing the other metathesis catalyst component; allowing the norbornene monomer(s) to polymerize by 
ring opening to form a thermoset polynorbornene type product, and extracting the product from tho mold. 



Detailed Description of Invention 



The gist of this invontion resides in applying a metathesis catalyst or cocatalyst component or a inixlure 
IhRrRof In n stibslralo. Thn catalyst and/or cocnlalvsl componont Is proferahly Itisonslllvu to nii mi\ oxyiiuti 
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and can be applied to the substrate from an aqueous or an organic medium In which the component may or 
may not be soluble. The component can be applied to the substrate by itself or in another composition 
such as a sizing solution. By the use of this invention, a molder can place a substrate coated with a ca alyst 
or cocatalyst into a mold, introduce the monomer solution into the mold whereby the monomer solujon 
would flow around the coated substrate, and extract a tharmoset molded product fronn the mold. In this 
manner, the need for a separate monomer stream containing the catalyst or cocatalyst is obviated as well 
as the need to mix the catalyst stream with the cocatalyst stream before injecting the mixed streams into 

Thi'^reinforcing or filler material, or substrate, may be glass, graphite, aramid fibers, woliastonite. mica, 
carbon black, taic. calcium carbonate or mixtures thereof. For example, the reinforcing material can be in 
the form of mats made of a continuous strand of glass fiber with a density of 1 .5-2.0 oz/ft.^ such as random 
glass mat OCF 8608 or random glass mat OOP 8610 from Owens Corning Rbergias Corporation. To obtain 
even greater reinforcement, mats of graphite fibers or Keviare aramid fibers can be used. Exampes of 
these are mats of woven AS-4 or AS-6 graphite fibers of density 1 .0-1 .5 oz/ft» from Hercules Incorporated. 

Preferably, the mat is made up of fibrous material which is woven. Intertwined or interlaced. Due to 
such weaving, intertwining or interlacing, the fibers of the mat are substantially Interdependent in their 
response to forces applied to the mat. The mat can be made, for example, from chopped rovlngs by pulling 
vacuum while spraying chopped rovings and a binder solution onto a shaped screen which can then be 
passed through a heated tunnel or oven to set the polymeric binder on the chopped rovlngs. Other types ol 
mats include woven roving, random mats, needled mats, and preformed shapes made by such processes. 

The fiber mats can be made from long- fibers or from short fibers. Long or continuous fibers are 
qenerally considered to be about 2 inches in length and longer whereas short fibers are generally 
considered to be about 2 inches and shorter. Continuous glass fiber mats are known which are 110 inclies 
wide and are made from chopped strands about 2 Inches long. 

Therefore, in accordance with the invention disclosed herein, a glass fiber mat can be dipped in a 
solution or dispersion of the catalyst and/or cocatalyst to obtain a glass fiber mat timl Is vir ualiy 
indistinguishable from the original mat but containing sufficient level of the catalyst and/or cocatalyst 
thereon. The catalyst and/or cocatalyst can be solublllzod In on organic solvent oi dispoisod /^ater p. 
another medium In which it Is soluble or Insoluble. The solvent or medium Is removed by drying before he 
mat is ready lor use. The catalyst and/or cocfllolysl IovbI can be adluBlocI by vBrylng concenlratlon of the 
catalyst and/or cocatalyst In a medium, be it organic, Inorganic or aqueous. The catalyst and/or cocatalyst 
level can also be adjusted by varying othor piocoss pnromotorB. audi ns the dipping period which can be 

1/4 of a minute or loss, _ , , , 

The catalyst and/or cocalnlysl cnn nlso bo IncorpomKsd in b sUInq for the substrate, Traditional sizings 
(or glass are applied as water soIuIIohb or dispersions. Sidings aio applied to subslrato. auch as glasa 
fibers because glass fibars are very fraglla and need a siztna agent. Slzings often contain orgonosllano 
such as vinyl triethoxy sllane or styryl triethoxy siiane or molhacryl triethoxy sllane 0'',p«"^'"«;«'^'"°P"^.Py' 
triethoxy sllane. When fiber mats arc made, a binder Is required to provide the mat with hflhdlhp Streng Ir 
These binders are typically a polyester powder which Is sprayed onto the mat and thon hoalod to melt Iho 
powder. Alter coolino, the powder binders based on polymers tack or bind the mot logotiior, AitomfltOiy. 
latexes, such as acrylic latexes, and polyester emulsions, have been used. « , , , 

The catalyst and/or cocatalyst a.,d the binder can be Included in a elaing formulation. Such elalnpe 
include a metathesis catalyst and/or cocatalyst, an organic sllane to act aa a coupling agen tor the 
substrate, a lubricant to improve handling of the coated substrate, on anllBtallc agent to reduce the Bta Ig 
electricity on the treated substrate, a film former to act as a bindor for the substrate If a n,«t It. to bo 
prepared, and other optional ingredients to Improve the subslrole In whatever lorm It may be used. 

To Improve coupling of the metathesis catalysts and/or cocatalyotc to the substrate, ospocloily when Iho 
substrate contains glass, silica, or alumina, the cDlaiysts ond/or cocatalysts can be provided with at least 
one silyl moiety. Such modifiod catalysts, lor oxompio, can be solocled from sllyl orgonoommonlum 
so molybdates and tungslates and can have tho lollowing formula: 

r +N - (CH2)x - Si<ORl)3 



40 



<5 



OS 



MyOz 

1 

R3 



where k is 1 or larger. M is molybdenum (Mo) or tungsten (W). and y and z are chosen to givo nctlvo 
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moiybdate or tungstate moiety. A specific example of such silyl catalysts is 
trimethoxysilyloctyltrimethylammonlum moiybdate, which has the following formula: 

MOB026 tN - (CH2)8 " Si (0^3)3] 4 
(CH3)3 

The advantage of such silyl organoammonium molybdates and tungstates is that they can be used to 
support or affix the catalyst to a substrate, especially a substrate containing silica, glass, alumina, or the 
like. The silyl molybdates and tungstates can be synthesized in an alcohol or through a route In which the 
Si-OR groups are not hydrolyzed. 

The catalyst and/or cocatalyst solution or dispersion, applied from a sizing formulation or otherwise, can 
also contain other components. Examples of such other components include elastomers, blowing agents, 
fillers, flame retardants, and the like. 

The ring-opening metathesis catalyst system is composed of a metathesis catalyst component and a 
metathesis cocatalyst component, or catalyst and cocatalyst. The known ring-opening metathesis catalyst 
systems for use in bulk polymerization of norbornene-type compounds are acceptable herein. Examples of 
the catalysts include halides, oxyhalides. oxides and organic salts of tungsten, molybdenum, and tantalum. 
Specific examples of the catalysts include tungsten hexachloride, tungsten oxytetrachloride, tungsten oxide 
tridodecylammonium tungstate. methyltrlcaprylammonium tungstate, tri(tridecyl) ammonium tungstate, trloc- 
tylammontum tungstate. molybdenum pentachloride, molybdenum oxytrlchlorlde. tridodecylammonium 
moiybdate, methyltrlcaprylammonium moiybdate, trl(trldecyl)ammonlum moiybdate, trioctylammonlum 
moiybdate. and tantalum pentachloride. It Is preferred to use catalysts which are soluble in one or a mixture 
of norbornene-type monomers. From this viewpoint, organoammonium molybdates and tungstatos are usttd. 

If the catalyst is a halide. it can be solublllzed In one or a mixture of the norbornene-type monomers by 
pretreatment with an alcoholic or a phenolic compound, H^urthermoie, If neeossory, eomplexing ooenl» ctan 
be used in combination therewith. Examples of the eomplexing agents Include benzonltrlle, telrahydrofuran, 
and other Lowls bases, ocolyl acolono. and nikyi osiers of ocoloacollc add. By dolrig thie, pr^-polytnarUn- 
tion can be prevented. 

Tlie organoammonium n»olybdatos and lungstoloo sulloble horein as molnliiQsIs cnielysls hnvo Ih© 
following structural formulas: 

[R-VNJ (2y.BK)M>,0y Nil] ,2y-6M)MKOy 

where M Is molybdenum or tungsten; O represents oxygen; x and y represenl Ih© numbor of M ond 0 
atoms In the moloculo bnsod on the* vnloncR of +R for mQlybdonuin. +6 lor lunoslen, end -2 for oxygon; 
and R and radicals can be same or differont and are selecled from hydrogen, nlkyl and oikylene groupa 
of 1 to 20 carbon atoms, and cycloallphatic groups oach of 6 to 10 carbon atoms. Those catalysts are 
insensitive to air and moisture. 

Other metathesis catalysts suitable tieroln Include orpenoarsonlum and organopliosphonlum molybdates 
and tungstates. Those catalysis are characterized by llie following structural formulas: 

(Rd Z] (2y . BkiMkOv (R J ZHl . flK,f\/lHOy . 

whore Z Is the element arsenic or phosphorus; fs/l Is molybdenum or tungsten; O repreaenle oxygen; x and 
y represent the number of and 0 atoms In the molecule based on the vatene© of +0 for molybdenum, 
+ 6 for tungsten, and -2 for oxygen; and R and R^ radicals can be same or dlftoronl and ar© ooiecled from 
hydrogen, alky I and alkylene groups of 1 to 20 carbon atoms, end cyclOQilphallc groups ©aeh of B to 18 
carbon atoms. These catalysts are also Insensitive to air and molsturo. 

Still other metathesis catalysts suitable herein Include tho organoammonium, organophofiphonlum and 
organoarsonium heleropolymolybdates and hetaropolytungstatoa. Thoso cotalyoto nro aleo Ineenelllv© to air 
and moisture. 

The metathesis catalyst for ring-oponing polymerization of a norbornono-typo monomer or n mixture 
thereof Is used at a level of 0.05 to 1 wolghl port basod on 100 weight parts of all norborneno-lype 
monomers, pref rably 0.1 to 0.7 weight part. 

The cocatalysts or activators aro soloctod from the organoalumlnums such as trialkylalumlnums, 
alkylatuminum hydridos, alkyloluminum halidos. oikoxyalkylaluminum halides, aryloxyalkylalumlnum halides, 
and melalloxyalkylaluminum halidos; organic tin compounds; and organic lead compounds. The al- 
kylaluminum halide cocatalysts initiate polymerization immediat ly upon mixing thereof with a metathesis 
catalyst. Initiation of polymerization can be delayed by using a modifier selected from esters, ethers. 
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ketones, and nitriles, as is well known In the art, especially ethyl benzoate, butyl ether, or diethylene glycol 

dimethyl ether. ..... ^ „^ ^ , • 

Preferred metathesis cocatalysts are selected from the alkoxyalkylalumlnum hailde and aryloxyal- 

kylalumlnum halide cocatalysts defined as follows: 

(RO) AIX 

where R is selected from alkyi and phenyl radicals.. Is selected from alkyi radicals; x Is a halogen: the 
sum of a b and c Is 3.0 and each one of these parameters defines the equivalents of the moieties In the 
cocatalyst. This group of preferred cocatalysts includes alkoxyalkylalumlnum chlorides and iodides and 
phenoxyalkylalumlnum chlorides and Iodides, especially propoxyethylaluminum chloride and the sesquich- 
loride. The alcohol can be added separately from the alkylaluminum halide cocatalyst and the alcohol reacts 
in situ to form the final cocatalyst. These cocatalysts are soluble in norbomene-type monomer or mixtures 
thereof and can have a variable pot life depending on the amount' of alcohol or the alkoxy moiety used to 
moderate it. The more alcohol used the longer is the pot life of the system using the alkoxyalkylalumlnum 
or phenoxyalkylalumlnum halide cocatalysts. 

Preferred metathesis cocatalysts also include metaloxyalkylaluminum halides defined as follows: 

where M is a metal selected from tin, lead, and aluminum; R and R' are Individually selected from organic 
groups, especially lower alkyi groups and phenyl groups, n Is 2 or 3. depending on the metal; X Is a hailde; 
and the sum of a, b and c is 3.0. each parameter defining the equivalents of the moieties In the cocatalyst. 

Also Included in the preferred metathesis cocatalysts are the organic tin compounds selected from 
alkyllin cocatalysts of lower alkyi tetraalkyltins, such as tetrabutyltin. lower alkyi trialkyltin and triaryltin 
hydrides such as tributyllin hydride, triphenyltin hydride, trimethyltin hydride, triethyltin hydride, Irlpropyllln 
hydride, tetraethyltin. tetrabutyltin, and the like. Also preferred are the organic lead compounds selected 
from alkyllead cocatalysts such as tetraethylead. These cocatalysts are Insensitive to air and molslute and 
can be handled In air without special precautions which are needed with the alkoxy and aryloxy 
alkylaluminum halides and the other metatliesls cocatalysts. 

The metathesis cocatalysts that are air Insensitive can be applied to the reinforcing material from an 
organic or aqueous medium or be Includod In a sizing composition. Tho rosulling air and moisture stable 
reinforcing material, especially glass fibers, can be used In the manufacture o( structural polymeric matrix 
composites wl.oro Iho polymor mnlrix Is pnrtly or wholly cjornposi^d of polymerized norbornene-type 
monomer or a mixture thereof. Same or similar conclusions apply lo reinforcing mBlerlal coated with a 
motathosis catalyst. 

There are metalhosis catalyst and motathosis cocalolysl systoms which can bo combined at room or 
ambient lomporalurfl without reacting or causing Initiation o( polymerization, Such catalysts end cocalolysts 
can be applied to a substrate from organic or aqueous systems In predetermined amounts, Such troatod 
substrate Is then placed In a mold, a noibariiene monomer or a mixture thereof Is introduced Into the meld 
around the substrate, and the temperature of the mold conlonla Is Increased lo polymerise tho mononw(a). 
This approach has limited application due to the need lor special mototliosis catalysis artd melalhesiB 
cocatalysts which are Inert lo each other at room or ambient temperature but which Initiate polymerisation 

at an elevated temperatuie. . . . > 

As noted above, suitable melathosis catalysts and cocQlalysls can bo applied to a aubalrate from an 
oroanic or an aqueous system. Suitable solvents (or U90 In tho organic systems Include aliphatic and 
cycloaliphatlc hydrocarbon solvents such as penlane. hoxane, hoplane. octane, eyalohexwne, eycHt^haK^n.*, 
cyclooclane and Uie like; aromatic hydrocarbon solvents which are liquid or easily llqullled suoh as 
benzene, toluene, naphthalene and the like; and subslllutod hydrocarbons wherein tho subsllluenis ma Inert, 
such as dichloromethane, chloroform, chiorobonzono. dichlorobonzeno. and the like. Aqueous systems 
devoid of flammable and volatile organic solvents offor benoflls In cortnin commorclnl operntlons. 

Whether applied from an organic or an aquoous system . the catalyst or cocatalyst deposits on tha 
substrate and becomes Insoluble or dilflcuit lo looch out In organic and olhor solvents. This npprnnnh 
requires that the molder Introduce Into D mold a monomer charge with a catalyst or cocatalyst 'ha 
treated substrate whereby tho monomor charge in liquid form flows around the treated siibstrato to fill all 

voids and wot the substrato. ^ , , „ 

It is preferred to soloct cocotalysls which are soluble in the norbornene-type monomor and mixtures 
thereof and which are relatively insensitive to oxygen and moisture. Between 0.1 and 100 milllmolos, 
preferably 0.2 to 50 milllmolos. of the metal in the cocatalyst Is used per mole of norbornene-type monomer 

or a mixture thereof. . 

The norbomene-type monomers or polycycloolefins that can be polymerized In accordance wUh the 
process doscribod herein are characterized by the presence of at least one norbornene group. Identllled by 
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formula I. that can be substituted or unsubstituted: 




I 



Pursuant to this definition, suitable norbornene-type monomers include polycyclooleflns and in particular 
tricyclic and higher cyclic olefins selected from substituted and unsubstituted norbornenes, dlcyclopen- 
tadlenes. dihydrodicyclopentadienes, trimers of cyclopentadlene, and tetracyclododecenes. Examples of 
preferred monomers referred to herein Include dicyclopentadiene, tetracyctododecene, methyl- 
tetracyclododecene. hexacycloheptadecene, methyl hexacycloheptadecene. 2-norbornene and other norbor- 
hene monomers such as ethylldenenorbornene, vinyl norbornene. 5-methyl-2-norbornene, 5,e-dlmethyl-2- 
norbornene, 5-ethyi-2-norbornene, 5-butyi-2-norbornene, 5-hexyl-2-norbornene, 5-octyl-2-norbornene. and 5- 
dodecyl-2-norbornene. 

The invention especially contemplates preparation of homopoiymers, copolymers and terpolymers of 
norbornene, methylnorbornene, vinyl norbornene, ethylldenenorbornene, dicyclopentadiene, 
tetracyclododecene, methyltetracyclododecene, hexacycloheptadecene, and methyl hexacycloheptadecene. 

The monomer or a mixture of norbornene-type monomers can contain up to about 20%, preferably 1 to 
10%, by weight thereof of at least one other copolymerizable monomer. Such other copolymerizable 
monomers are preferably selected from mono- and dicycloolefins containing 4 to 12 carbon atoms, 
preferably 4 to 8 carbon atoms, examples of which Include cyclobutene, cyclopentene, cyclopentadlene, 
cycioheptene, cyclooctene, 1 ,5-cyclooctadiene» cyclodecene, cyclododecene. cydododecadiene, and 
cyciododecatriene. 

In addition to the metathesis catalyst or cocatalyst in the monomer solution or an organic solvent 
solution or in an aqueous dispersion, In the preferred embodiment where a metathesis catalyst or cocatalyst 
is deposited on the substrate, a halogen source can be used In amount of 0.1 to 2 mHllmoles thereof per 
mole of the norbornene-lype monomer(8). 

Suitable halogen source herein is any halogen compound which can provide sufficient halogon for 
polymerization of one or more norbornene-type monomors In [Uo prosonco of the metnthoela cmnlysl 
system disclosed herein. Such halogen source is gonorally selected from non-aluminum metal halldee 
whero the metal Is soleclod from tin, flnllmony, gormsnlum and silicon. Popr»ndlno on the vfllenc© of the 
metal, the compound suitable heroin as a halogon source can contain a full complement of a halogen or It 
can contain a lessor number of halogen atoms In which case, the remnlnlng valence or valences are 
satisfied by a group selected from hydrogen, alkyi and elkoxy groups containing 1 to 6 carbon atoms, and 
phenyl and alkylphenyl groups containing R to 14 carbon atoms. 

Examples of a suitable halogen source are chlorosilanes selected from dimethylmonochlorosllane, 
dimethyldichlorosllane, diphenyldichlorosllane, totrachtorosllane, and the like. Tetrachiorosllane Is particu- 
larly preferred. 

In the monomer stream, other Ingredients can be used such as elastomers, blowing agerils, fillers, 
flame retardanls, and the like. 

In the present invention, an elastomer may be used together with the catalyst or coealalyst, but 
preferably with the cocatalyst. The elastomers which can be used are natural rubber, polybulacilene. 
styrene-butadlene copolymer, potylsoprene, styrene-butadlene-styren© block eopolyfner, slyrene-lsoprene- 
slyrene block copolymer, ethylene-propylene-diene terpolymer, ethy lane-vinyl acetalo copolymer, and their 
hydrides. The elastomers may be used alone or as a mixture of two or more. 

If a solution containing a monomer has low viscosity, the viscosity of such solution can b© properly 
adjusted by dissolving elastomer therein. 

The blending ratios of these elastomers are oidinortly 0.5-20 parts by weight, preferably 1-in parta by 
weight, with respect to 100 parts by welglU of the muiionier clmrge. If the blending ratio of the olestomor la 
too low, the effect of rendering tho Impact rosistanuo will bo small. On tho other hand, If It Is too high, the 
viscosity of the solution will be too high and the molding operabllily will be poor. . 

The best mode now contemplated of carrying out this invention is Gxemplified by the following working 
examples of preferred specific embodiments. This invention is not limited to these specific oxamploa. All 
percentages are by weight, based on the weight of monomer charge, unless otherwise clearly indicated. 
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Example 1 



5 Preparation of Catalyst 

In this catalyst preparation, ADOQEN 340 (commercially available from the Sherex Corporation) was 
used. This material is a long chain fatty amine with a composition NR3 where R comprises 5% C14H29, 
30% CisHas and 65% Ci8H37. , u . 

10 A. 10 grams ADOGEN 340 was weighed into a 1000 ml round bottomed flask to which 100 ml 
methylene chloride was added to yield a colorless solution. 

B. 13.22 grams ammonium molybdate [(NH4)2M0207.4H20] was dissolved in 200 ml distilled water to 
yield a light blue solution. 

C. 6.24 grams hydrochloric acid (37%) was diluted with 20 ml distilled water to yield a colorless 

76 solution. ^ J * *u 

D. With stirring, solution B was added to solution A, and thereafter, solution C was added to the 
resulting solution. On mixing, the methylene chloride layer became light yellow in color. This color 
Intensified somewhat after refiuxing for 1 hour. The methylene chloride layer was separated off. washed 
twice with distilled water and dried, whereby the catalyst (R3NH)+Mo8026 was obtained (R as described 

20 above) as a yellow-brown waxy solid. 

Preparation of Coated Glass Fiber 

25 Six grams of the above-described organoammonium molybdate was dissolved in 400 g methylene 
chloride In air. A section of commercially sized Owens Corning 8608 fiber glass weighing 30.41 g was 
dipped into this solution for 30 seconds and then allowed to air dry to constant weight. The final weight of 
the catalyst coated glass fiber mat was 30,70 g, Indlcattng a catalyst loading of 0.29 g. The coated glass 
fiber mat was completely dry to the touch. 

30 

Preparation of Cocatalyst Solution 

To a 92.5/7.5 weight mixture of dicyclopentadlene (DCPD) and ethylldenenorbornene (ENB) (131.3 g) 
35 was added under nitrogen n-propanoi In amount of 3.6 ml of a 1.0 molar solution in a DCPD/ENB mixture 
followed by diethylaluminum chloride (DEAC, 6 ml of a 0.5 molar solution In a DCPD/ENB mixture and 
silicon tetrachloride (6 ml of a 0.25 molar solution In a DCPD/ENB mixture). 

40 Polymerization 

The section of catalyst-coated glass fiber mat was placed into a 9" x 6" x 1/8 inch aluminum cavity 
mold. The mold was flushed with nitrogen and healed to CO* C. Tlie cocatalyst solution was than inlroducod 
to fill the mold around the coated glass fiber mat. There was an immediate exotherm which pooked aftor 45 
45 seconds at 143' C. After cooling, the moid was opened to reveal a hard, completely solidified glass fibor 
reinforced plaque weighing 97.20 g, approximately 31% by weight glass fiber. 



50 
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Example 2 



Preparation of Coated Glass Fiber 

Thr e grams of tristridecylammonium molybdate ([(Ci3H27)3NHUMo8026) was dissolved in 200 g 
methylene chloride under air. A section of Owens Coming 8608 glass fiber mat weighting 41.0 g was 
dipped into this solution for 30 seconds and then allowed to air dry to constant weight. The final weight of 
th coated mat was 41.3 g. indicating that 0.3 g of the catalyst had been adsorbed onto the glass fiber mat. 
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The mat was a very pale green in color and slightly tacky to the touch. 
Preparation of Cocatalyst 

The cocatalyst component used was stored in a 5-gallon "Firestone type" can under a pressure of 30 
psi nitrogen. The solution comprised 8323 g . 92.5/7.5 DCPD ENB mixture In which had been dissolved a 
commercially available Kraton D-1102 elastomer In amount of 317 g. To this solution under nitrogen was 
added neat 44.65 g diethyialumlnum chloride. 32.05 g of 2.4-dlmethyl-3-pentanol In 288.5 g of 92.5/7.5 
DCPD/ENB mixture. 3.46 g n-propanol In 31.1 g of 92.5/7,5 DCPD/ENB mixture, and 31.46 g neat SICU. 

Polymerization 

The section of catalyst-coated glass fiber mat was placed Into a 9" x 6" x 1/8 inch aluminum cavity 
mold. The moid was flushed with nitrogen and heated to 60* C. The cocatalyst solution was then 
Introduced. There was an immediate exotherm which peaked after 45 seconds at about 150 C. After 
cooling, the mold was opened to reveal a hard, completely solidified glass fiber reinforced plaque weighing 
123.8 Q. approximately 33% by weight glass fiber. 

Example 3 



Preparation of Coated Glajs Fiber 

Four milliliters of tetra-n-butyltin was dissolved In 200 ml melhylene chloride. A section of wovon glass 
fiber roving was placed In an oven at 615* C and baked for 30 minutes after which It was cooled and 
weighed. The purpose of this baking procoduro was to removo the sizing agents. The mat, weighting 58 g, 
was dipped into the above-described cocatalyst solution in air for approximately 30 seconds and allowed to 
air dry to a constant weight of 60.40 g indicating that the glass fiber mat had adsorbed 2.4 g of the 
tetrabutyitin cocatalyst. 

Preparation of Catalyst Solution 

To a 92.5/7.5 mixture of DCPD and ENB (160 g) under nitrogen was added 8 ml of silicon tetrachloride 
as a 0.25 molar solution in a DCPD/ENB mixture and tridodecylammonium molybdate ([(Ci2H28)3NH]- 
M08O2G) in amount of 4 ml of a 0.1 normal solution in 92.5/7.5 DCPD/ENB mixture. 

Polymerization 

The section of cocatalyst-coated glass fiber mat was placed into a 9" x 7 1/2" x 1/8 inch aluminum 
cavity moid. The mold was flushed with nitrogen and heated to 60 'C. The catalyst solution was tlien 
introduced. There was an immediate exotherm which peaked after approximately 3 minutes at 172 C. After 
cooling, the mold was opened to reveal a hard, highly converted glass fiber reinforced plaque with no voids 
evident weighing 165.0 g, Indicating a glass fiber loading of about 35%. 

Example 4 



Preparation of Coated Glass Fiber 

Four milliliters of tetra-n-butyltin and 2.0 g tridodecylammonium molybdale were dissolved in 200 mi 
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methylene chloride. A section of woven glass fiber roving was placed in an oven at 615 ^ ^"^ ^^aked for^^^^ 
minutes after which it was cooled and weighed. The mat. weighing 55.5 g. was dipp d into the above- 
described solution in air for approximately 45 seconds and allowed to air dry to a constant weight of 57.6 g 
indicating that 2.1 g of the catalyst and cocatalyst had been adsorbed onto the glass fiber. 

Polymerization 

Silicon tetrachloride In amount of 8 ml of a 0.25 molar solution in 92.5/7.5 DCPD/ENB mixture was 
added under nitrogen to 160 g of a DCPD/ENB 92.5/7.5 mixture. The above described coated glass fiber 
mat was placed into a 9" x 7 1/2" x 1/8 " aluminum cavity mold. The mold was flushed with nitrogen and 
heated to 60"C at which lime the monomer SiCU solution was added. On opening the mold. It was 
observed that polymerization had occurred but that conversion was not complete in the center of the plaque 
indicating that the catalyst/cocatalyst was not homogeneously dispersed throughout the mat. This problem 
can be overcome by using a longer dipping lime or by using a more concentrated solution of the catalyst 
and cocatalyst. 

Example 5 



20 



Catalyst Solution Preparation 

25 A. 0.10 g WCIs was dissolved in 49 nnl toluene under nitrogen. 
B 0 04 q p-tert-butylphenol was dissolved In 10 ml toluene. 

C. Solutions or dispersions A and B were combined and purged with nitrogen for 2 hours to remove HCI 
liberated. 

D. 0.028 ml of benzonitrile was added to C to prepare the catalyst solution. 
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Preparation of Cocatalyst Solution 

One and one-half milliliters dl-butyl ether was added to 129 ml DCPD to which had already been added 
10.8 ml of a 0.5 molar solution of DEAC In a 92.5/7.5 DCPD/ENB solution. 



Glass Fiber 



50 a of commercially available sllane-sized. chopped strand fiberglass was Introduced Into o clean, dry 
sample bottle which was placed in an oven at 140* C for 12 hours and then allowed to cool under n.trogen. 

Preparation of Coaled Glass Fiber 

One half of the catalyst solution (D) was added to the tost bottle containing the chopped glass strands 
and toluene was removed by evaporation to afford the glass coated with the catalyst, 

Thirty two grams activator/monomer solution was injected under nitrogen into the test bottle contaming 
glass strands coated with the catalyst. An immediate reaction followed as witnessed by a small exolhernrv 
The bottle was placed in an oven at 105' C to drive the reaction to completion. After compiet.on of the 
polymerization, the color of the catalyst had changed from red to brown and the polymer took the form of a 
hard mass in whicfi the chopped glass fiber strands were firmly embedded. 



Example 6 



55 



The remaining half of catalyst solution D described in Example 5 was added to a second test bottle 
containing a further 50 g of chopped glass strands and toluene was r moved by evaporation. The contents 
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of the bottle, which contained glass fiber strands coated with catalyst were then exposed to air and moisture 
by opening the bottle and exposing the contents to the atmosphere for a period of 72 hours at ambient 
conditions. After this period, the color of the coated glass had changed from red to brown. The bottle was 
then restoppered and 32 g of the activator/monomer solution was added at ambient temperature after which 
the bottle was placed in an oven at 140* C for a total of 120 minutes. The greatest portion of the mass had 
solidified to afford a blue-colored mass but there was a little unconverted yellow liquid which formed a 
separate upper layer indicating that this particular catalyst system, in contrast to the alr-stable halogen-free 
metallate systems exemplified in examples 1 to 4, exhibits a certain degree of air-sensitivity even when 
adsorbed on to a glass-fiber support. 



Example 7 



Aqueous Dispersion of Molybdate Catalyst 

Two grams of tristridecylammonium molybdate was dissolved in 5 grams of methyl isobutyl ketone. 
Deionized water in amount of 1 00 g was added to form a dispersion of catalyst. 



Preparation of Coated Mat 

A piece of Owens Corning 8608 glass fiber mat (about 13u fiber thickness) was dipped into the above 
solution for about 15 seconds, removed, and then dried in an air oven at 150* C for 30 minutes. The initial 
mat was white in color. The coated mat was uniformly light yellow In color, demonstrating that the mat was 
coaled with catalyst. 



Polymerization 

Two layers of the above mat were cut to fit into a 6*' x 9" x 1/8" aluminum cavity mold which was 
healed to about 60*" C. The mold was purged with nitrogen and then the cocatalyst activator solution of 
Example 2 was introduced into the mold. The reaction was monitored by observing the tomperaturo of the 
reaction mass. After the reaction mass had cooled in the mold, a completely solidified fiber reinforced 
plaque was removed from the mold. 

Example 8 



Preparation of Catalyst and Film Former Sizing Dispersion 

One gram of tristridecylammonium tungstate was mixed with 5 g toluene. 15 g Isopropanol, and 5 g 
Ricon 156 resin. Recon 156 resin is a poly(styrene-butadlene) resin supplied by Colorado Chemicals. Also, 
100 g of deionized water was added with vigorous mixing to create a dispersion. 



Preparation of Treated Fibers 

A 55 g portion of the sizing dispersion prepared above was mixed with 30 g of water-sized chopped 
fibers supplied by Owens Corning Fiberglas. The fibers were then dried for one hour in an air oven at 
150° C, and then over night at 50* C. 



Polymerization 
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About 15 grams of treated fitjers were placed in a jar under nitrogen at room temperature. Sufficient 
cocatalyst solution was added to the fibers, as described in example 2. No reaction was observed at room 
temperature after several minutes. But wiien the Jar was placed in an oil bath at 80 C. poiymerlzation with 
an exotherm above 150° C occurred within four minutes. Conversion of monomer to polymer was judged to 
be high based on the hardness of the reaction mixture upon cooling. 



Claims 

1. Substrate having on its surface a coating selected from the group consisting essentially of ring opening 
melalhesis catalysts, ring opening metathesis cocatalysts. and mixtures thereof. 

2. Substrate of claim 1 wherein said metathesis catalyst is selected from the group consisting essentially of 
halides oxides, and oxyhalides of tungsten, molybdenum and tantalum; organoarsonium, or- 
ganophosphonium. and organoammonlum molybdates and tungstates. heteropolymolybdates. 
holeropolytungslates; and mixtures thereof. 

3. Substrate of claim 2 wherein said metathesis cocatalyst is selected from the group consisting essentially 
o) organoaiuminums. organic tin compounds, organic lead compounds, and mixtures thereof. 

4. Substrate of claim 2 wherein said organoammonlum, organoarsonium. and organophosphonlum molyb- 
dates and tungstates are defined by the following formula: 

[R*Z] ,2^4K-M,0y [Ri ZH] (2y.6K)MxOy 

where Z is nitrogen, arsenic or phosphorus; M is molybdenum or tungsten; O is oxygen; x and y represent 
the number of M and O atoms in the molecule based on the valence of +6 for molybdenum. +6 for 
tungsten and -2 for oxygen, and R and R' are Individually selected from hydrogen, alkyi and alkylene 
groups of 1 to 20 carbon atoms, and cycloaiiphatic groups each of 5 to 16 carbon atoms. 
5 Reinforcing or filler material of claim 2 wherein said cocatalyst is air-insensitive and Is selected from the 
group consisting essentially of organic tin compounds, organic lead compounds, and mixtures thereof. 

6. Reinforcing or filler material of claim 5 wherein said cocatalyst is selected from the group consisting 
essentially ol letraalkyltins. triaklylllns hydrides, tetraalkylleads. and mIxturGS thereof. 

7. Reinforcing or filler material of claim 6 wherein said cocatalyst is selected from the group consisting 
essentially of telrabutyllin. tributyltln hydride, tetraethyllead; and mixtures thereof. 

8. Substrate of claim 3 wherein said organoaiuminums are defined by the following formulas: 

(R„M0)8 Ri AIXe and (RO)„Ri AIXe , . ^ 

where M is selected from silicon, tin. germanium, lead, and aluminum. R and R' are individually selected 
from lower alkyI groups and phenyl groups. X Is a hallde selected from chloride and iodide, the sum of a. b 
and c is 3.0 with each parameter denoting the equivalents of the moieties In the cocatalyst. 

9. Substrate ol claim 4 wherein said substrate Is selected from the group consisting essentially of glass 
fibers, aramid fibers, graphite fibers, and mixtures Ihereol. 

10 Substrate of claim 1 wherein said catalyst is selected from tungsten hexachlorlde. tungsten oxy tetrach- 
loride tungsten oxide, tridodecylammonlum lungstate, inethyllricaprylammonlum lungatate. trl(lrldecyl)- 
ammonium tungstate, trioctylammonium tungstale. molybdenum pentachiorlde. molybdenum oxytrlchloride, 
tridodecylammonlum molybdate. methyllricaprylammonium molybdate. trl(trldocyl)ammonlum molybdnlo, 
trioctylammonium molybdate. and tantalum pentachiorlde; wherein said cocatalyst is solectod (rom 
diethylalumlnum halides. propoxyelhylaluminum halldos, lolrabutyl tin hydride, triphonyllln hydrldo, 
trimethyltin hydride, irielhylUn hydride, tripropyltin hydride, telraelhyltin. tetrabutyltin. and mixtures thereof; 
and wherein said substrate is selected from glass fibers, aramid fibors. graphite fibors, and mixtures thereof, 
1 1. Substrate of claim 2 wherein said cocatalyst Is selected from diolhylaluminum chloride, dioctylalumlnum 
iodide and mixtures thereof; said cocatalyst is used with a reaction rat© moderator selected from ethers, 
esters', ketones, alcohols, and mixtures thereof, whoroin molar ratio of said moderator to said cocatalyst is 

1:1.5 to 1:5. ^ . . , , 

12 Method of preparing a substrate with o coating thereon selected from ring-opening metathesis catalysts, 
ring-opening metathesis cocatalysts. and mixtures thereof, comprising applying said coating onto said 
substrate, and drying said substrate. 

13 Method of claim 12 wherein said metathesis catalyst is selected from the group consisting essentially of 
halides oxyhalides and oxides of tungsten, molybdenum and tantalum; organoarsonium. or- 
ganophosphonlum. and organoammonlum molybdates and tungstates; heteropolymolybdates; 
h teropolytungstates: and mixtures thereof; and wherein said metathesis cocatalyst Is selected from the 
group consisting essentially of organoaiuminums. organic tin compounds, organic lead compounds, and 
mixtures thereof. 
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14. Method of claim 12 wherein said organoammonium, organoarsonium and organophosphonium molyb- 
dates and tungstates are defined by the following formula: 

[R^J (ey.0x)MKOy [Rj ZH] (2y.6x)IVlK0y 

where Z is nitrogen, arsenic or phosphorus, M is molybdenum or tungsten, O is oxygen, x and Y represent 
the number of W\ and O atoms In the molecule based on the valence of +6 for molybdenum, +6 for 
tungsten and -2 for oxygen, and R and are Individually selected from hydrogen, alkyi and alkylene 
groups of 1 to 20 carbon atoms, and cycloallphatic groups each of 5 to 16 carbon atoms. 

15. Method of claim 13 comprising applying said coating from an aqueous sizing composition which 
comprises an organosifane, lubricant, antistatic agent, film forming resin, said coating, and water, 

16. Method of claim 12 wherein said coating Is dissolved In at least one norbornene-type monomer, and 
said norbornene-type monomer Is selected from the group consisting essentially of norbornene. methylnor- 
bornene. vinyl norbornene, ethyildenenorbornene, tetracyclododecene, methyltetracyclododecene, 
dicyciopentadiene, trimers of cyclopentadienes, letramers of cyclopentadienes, and mixtures thereof. 

17. Method of claim 12 wherein amount of said metathesis catalyst and/or cocatalyst Is 0.1 to 0.7 weight 
part per 100 weight parts of said at least one norbornene-type monomer. 

18. Method of claim 16 wherein said substrate is a glass fiber mat and said coating is applied to said mat 
by dipping said mat in an aqueous medium containing said coating. 

19. Method of claim 12 wherein said organoalumlnums are defined by the following formulas: 
(Rn M0)« Ri AIXc and (RO)o Ri AIXc 

where M is selected from silicon, tin, germanium, lead, and aluminum, R and R^ are individually selected 
from lower alkyI groups and phenyl groups, X is a hallde selected from chloride and iodide, the sum of a, b 
and c is 3.0 with each parameter denoting the equivalents of the moieties in the cocatalyst; wherein said 
catalyst is selected from tungsten hexachloride. tungsten oxytetrachloride, tungsten oxide, tridodecylam- 
monium tungstate. methyltricaprylammonlum tungstate, tri(tridecyl)ammonium tungstate. trioctylammonlum 
tungstate, molybdenum pentachloride. molybdenum oxytrichlorlde, tridodecylammonlum molybdate, methyl- 
tricaprylammonlum molybdate, trl(tridecyl)ammonium molybdate, trioctylammonlum molybdate. and tan- 
talum pentachloride; and wherein said substrate is selected from glass fibers, aramid fibers, graphite fibers, 
and mixtures thereof. 

20. Method of claim 11 wherein said cocatalyst Is selected from diethylalumlnum halldes. propox- 
yethylalumlnum halldes, tolrabulyl tin hydride, trlphenyltln hydride, trimothyllln hydrld©, triethyltln hydrldo. 
tripropyltin hydride, tetraethyltin, tetrabutyttin, and mixtures thereof. 

21. Process of preparing a reinforcod molded article comprising placing into a mold a substrate having 
thereon a component of a ring-opening metathesis catalyst system selected from the group consisting 
essentially of catalyst and cocatalyst, introducing into the mold at least one norbornene-type monomer, 
allowing ring opening polymerization reaction by ring opening of said at least one norbornene-type 
monomer to proceed in the mold, and extracting from the mold said molded article. 

22. Process of claim 20 wherein said catalyst Is selected from halldes, oxyhalides and oxides of tungsten, 
molybdenum and tantalum; organoarsonium, organophosphonium and organoammonium molybdates end 
tungstates; heteropolymolybdates; heteropotytungstates; and mixtures thereof; and wherein said cocatalyst 
is selected from organoalumlnums, organotin compounds, organolead compounds, and mixtures thereof. 

23. Process of claim 21 wherein said organoammonium, organoarsonium and organophosphonium molyb- 
dates and tungstates are defined by the following formula: 

tR4Z] i2y-6x) M,Oy [Rl ZH] (2y.6K) MxOy 

where Z Is nitrogen, arsenic or phosphorus. M is molybdenum or tungsten. O is oxygen, x and Y represent 
the number of M and O atoms in the molecule based on the valence of +6 for molybdenum, +6 for 
tungsten and -2 for oxygen, and R and R^ are individually selected from hydrogen, alkyI and alkylene 
groups of 1 to 20 carbon atoms, and cycloallphatic groups each of 5 to 16 carbon atoms. 

24. Process of claim 21 wherein said organoalumlnums are defined by the following formulas: 
(Rn MO)a Rb AIXc and (RO)aRi AIXc 

where M is selected from tin, lead, and aluminum, R and R^ are individually selected from lower alkyi 
groups and phenyl groups, X is a halide selected from chloride and iodide, and the sum of a. b and c is 3.0 
with each parameter denoting the equivalents of the moieties In the cocatalyst; wherein said organotin 
compounds are selected from air-insensitive tetralkyltins and air-insensitive trialkyllin hydrides; and said 
organic lead compounds are selected from the group consisting essentially of air-insensitive tetraalkyllead 
compounds. 

25. Process of claim 24 wherein said substrate is selected from the group consisting essentially of glass 
fibers, aramid fibers, graphite fibers, and mixtures thereof; said process also including the step of 
introducing with said cocatalyst a halogen source selected from chlorosiianes. 
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26. Process of claim 24 wherein amount of catalyst is 0.05 to 1 weiglit part per 100 weight parts of said at 
least one norbornene-type monomer; wherein molar ratio of said cocatalyst to said catalyst is 0.1 to 200; 
and wherein said amount of said halogen source Is 0.1 to 2 mlllimoles per mole of said monomer(s). 

27. Process of claim 25 wherein said norbornene-type monomer is selected from substituted and 
unsubstituted 2-norbomenes. dicyclopentadienes, dihydrodicyclopentadienes, trimers of cyclopentadlenes. 
tetramers of cyclopentadlenes, letracyclododecenes, and mixtures thereof. 

28. Process of claim 25 wherein said norbornene-type monomer Is selected from norbornene, methylnor- 
bornene, vinyl norbornene, ethylidenenorbornene, tetracyclododecene, methyltetracyclododecene, 
dicyclopentadiene, trimer of cyclopentadlene, tetramer of cyclopentadlene, and mixtures thereof; and 
wherein said cocatalyst Is selected from diethylaluminum halides, propoxyethylatuminum halldes, tetrabutyl 
tin hydride, triphenyltin hydride, trimethyltin hydride, triethyltin hydride, tripropyltin hydride, tetraethyltln. 
telrabutyltln. and mixtures thereof. 

29. Process of claim 27 wherein said halogen source Is tetrachlorosilane; wherein said catalyst is selected 
from the group consisting essentially of tungsten hexachlorlde. tungsten oxytetrachloride, tungsten oxide. 
Iridodecylammonium tungstate, methyltricaprylammonium tungstate. tri(tridecyl)ammonlum tungstate, trloc- 
tylammonium tungstate, molybdenum pentachioride, molybdenum oxytrlchtoride, tridodecylammonlum 
molybdate. methyltricaprylammonium molybdate, tri(tridecyl)ammonium molybdate, trioctylammonlum 
molybdate, and tantalum pentachioride; and wherein said substrate Is selected from the group consisting 
essentially of glass fibers, aramid fibers, graphite fibers, and mixtures thereof. 
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® This invention pertains to a substrate having 
thereon a coating of a metathesis catalyst and/or 
cocatalyst. to a method for applying such a coating 
to tho substrate, and to a procoss for producing a 
molded product by placing into a mold a substrate 
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and/or cocataiysl, introducing into the mold at least 
one norbornene-type monomer, polymerizing the 
monomer in presence of the metathesis catalyst 
system, and extracting the molded article from the 
mold wherein the monomer(s) is polymerized to a 
thermoset or crosslinked polymer. 
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